The question how animations should be designed so that learning is optimised, is still under discussion. Animations are often cognitively very demanding, resulting in decreased learning outcomes. In this study, we tried to prevent cognitive overload and foster learning by focusing the learners' attention to one element (i.e. process) of an animation using a cueing technique. Psychology students viewed an animation of the cardiovascular system and were subsequently given a comprehension test and a transfer test. One group studied the animation without a visual cue, while for another group a visual cue was added to the animation. Results indicated that cueing not only enhanced comprehension and transfer performance for cued information, but also for uncued information. It is concluded that cueing can be used as a technique to improve learning from an animation. Results are interpreted in terms of cognitive load theory (CLT).
in the learning material and their interactions. Extraneous cognitive load is imposed on learners when mental activities, which are not directly related to learning (e.g. high visual search), are required to understand the material and is often the result of poorly designed instruction. Changing the instructional format can reduce extraneous load and promote learning. Germane cognitive load is imposed when information is presented in a way that learning is enhanced. For example, when mental activities such as elaboration and organisation of information result in the construction and automation of schemata. According to CLT, the combination of high intrinsic load (i.e. many interacting information elements) and high extraneous load (i.e. transience and high visual search) may account for suboptimal learning from animations.
The essential characteristic that distinguishes animations from static ways of presenting information is their higher complexity, as they incorporate motion and temporal aspects. Because information is transient, learners have to process current information and remember previous information simultaneously. If both current information and previous information have to be considered simultaneously to be understood, comprehension may fail because information presented during earlier phases of the animation may be forgotten or has become less clear. So, learning from an animation instead of a static picture may impose a higher cognitive load and thus may require other strategies, both cognitive and perceptual (Lowe, 1999) .
Furthermore, a prerequisite for constructing coherent schemata of the subject matter domain displayed in an animation is that all relevant elements in the animation are attended to and extracted appropriately. However, animations are often visually too complex to be accurately understood, for example, because attention should be directed to several simultaneously occurring events (Hegarty et al., 2003; Schnotz, Böckheler, & Grzondziel, 1999; Tversky et al., 2002) . In a study by Lowe (1999) participants were presented with an animated training of how weather maps change in order to help them build a mental model of weather maps. They subsequently had to predict how the markings on a static weather map would change on the next day. Results revealed a perceptual dominance effect, implying that perceptually salient features of the animation drew learners' attention away from the thematically more relevant, but perceptually less salient features. This suggests that learning is enhanced when salient features correspond to thematically relevant aspects. Otherwise, the search for and extraction of relevant elements becomes a difficult additional task, which may impose high levels of extraneous load on learners relatively inexperienced in a domain who do not possess the necessary schemata to help them distinguish relevant from irrelevant information. In this case, an animation involving several simultaneously occurring events may never be effective for learning.
However, from a cognitive load perspective, animations may be less demanding and may become more effective when they are designed in a way that extraneous load is minimised. A possible way to reduce extraneous load, without reducing the informational richness of animations (e.g. motion and timing), is by focusing the learners' attention on relevant aspects in an animation by cueing them, which Betrancourt (2005) refers to as the attention-guiding principle. By adding a visual cue to a complex animation visual search should be reduced, thereby reducing extraneous load and allowing more cognitive resources to be allocated to learning. the content' (Meyer, 1975, p.77) . When applied to animations, cueing can be defined as the addition of non-content information that captures attention to those aspects that are important in an animation (e.g. coloring, arrows). So, cues are intended to guide the learners' cognitive processing but are not intended to provide new information (Mautone & Mayer, 2001) .
Although there is a large body of research showing the added value of cueing in texts (Loman & Mayer, 1983; Lorch, 1989; Lorch & Lorch, 1996; Lorch, Lorch, & Inman, 1993) , only a few studies have addressed the instructional value of cueing in other learning resources. Several studies, in which two separate sources of information, such as on-screen or narrated text and pictorial information have to be integrated, clearly demonstrate that cueing can be very effectively used to reduce visual search in a multimedia explanation (Jeung, Chandler, & Sweller, 1997; Kalyuga, Chandler, & Sweller, 1999; Tabbers, Martens, & van Merriënboer, 2004) . Kalyuga et al. (1999) , for example, found that the use of color coding as a visual cue to establish a link between textual and pictorial information, resulted in much better learning outcomes. However, mixed results have been obtained with respect to the effect of cueing on cognitive load, indicating that sometimes cognitive load is slightly lowered by adding visual cues (Kalyuga et al., 1999) , while in other situations cueing has no significant effect on reported mental effort (Tabbers et al., 2004) . However, this does not necessarily imply that cueing was not effective in reducing extraneous load. In general, instructions should be designed to decrease extraneous load and optimise germane load. Although the overall amount of cognitive load may not differ, the relative contribution of extraneous and germane load can vary with different instructions.
The only study that directly addressed cueing in an animation showed that the incorporation of visual cues to an animation did not enhance learning (Mautone & Mayer, 2001) . In this study, a narrated animation was studied in which the narration and the animation could either be cued or uncued. No significant effects of visual cueing were found for the animation on retention and transfer. To explain these results, Mautone and Mayer argued that the animation was too simple and contained few distracting elements. In other words, the animation represented no simultaneously occurring processes, so cues were unnecessary in directing attention and reducing extraneous load.
Cueing has only been investigated in a multimedia context to reduce the search for appropriate referents in a text and accompanying picture. Yet, little is known about how cueing affects learning from visual-only instructions in animations. In addition, cueing in animations has only been studied in a low visual search situation. As cueing is expected to be most effective in high visual search situations, valid conclusions about cueing in animations can only be made when investigated under high visual search conditions.
The aim of the present study was to determine whether cueing a complex animation of the cardiovascular system would result in better learning outcomes (i.e. comprehension and transfer) than presenting the same animation without a visual cue. It was hypothesised that the animation would only enhance learning for learners with moderate prior knowledge when irrelevant visual search was reduced by guiding attention by adding a visual cue. To avoid ordering and segmentation effects as a result of cueing different processes serially, only one process was visually cued. Based on CLT it could be predicted that adding a visual cue to a visually complex animation will accomplish a decrease in extraneous load and hence makes the instructional animation more effective in terms of learning (i.e. germane load). According to CLT, experiencing less extraneous load during learning frees up working memory resources (Sweller, 1999) . Therefore, in line with Kalyuga et al. (1999) , a small effect of cueing on either mental effort scores or test performance is predicted. That is, there may be equal test performance but less mental effort involved in studying the animation with an added visual cue than when no visual cue is present in the animation. Alternatively, both conditions may experience the same amount of mental effort but yield better performance when a visual cue is added to the animation. To address not only the effectiveness of instructions by looking at test results but also the efficiency of the instructions, a subjective measure of mental effort was also administered after the comprehension and transfer test to assess whether the same performance took the same amount of mental effort. Furthermore, by cueing one complete process, attention is directed to a meaningful unit of information, that is, a functional important part of the cardiovascular system. Therefore, it is reasonable to assume that cueing has a large effect on the performance of the questions about the cued process. To investigate this possibility, a more specific prediction was that cueing one process would result in better comprehension and transfer outcomes on the questions concerning that process.
METHOD Participants
The participants were 40 undergraduate psychology students (10 males and 30 females) from the Erasmus University Rotterdam. Age ranged between 19 and 33 years. All were native Dutch speakers and received partial course credit or a small monetary reward for their participation. Participants had normal or corrected to normal vision, were unaware as to the exact purpose of the study, and gave informed consent.
Design
The experiment conformed to a 2 Cueing (Yes vs. No) Â 2 Question-type (Valves vs. Other processes) mixed factorial design. The factor Question-type was manipulated within participants and the factor Cueing was manipulated between participants resulting in two conditions: the No-Cueing (NC) condition and the Cued-Animation (CA) condition. Participants were randomly assigned to the experimental conditions, with 20 participants in the NC-condition and 20 participants in the CA-condition. In the NC-condition, participants were presented an animation of the cardiovascular system without any cues. Participants in the CA-condition viewed the same animation, but with the process of how the valves of the heart work cued. To determine whether both groups differed in their amount of prior knowledge of the cardiovascular system, we investigated their prior knowledge by adding up the scores on a checklist (see Appendix A) and using the students' self-rating concerning their knowledge about the cardiovascular system. Analysis of this prior knowledge score indicated no significant differences between the cued animation condition (M ¼ 6.9, SD ¼ 3.19) and the uncued animation condition (M ¼ 5.4, SD ¼ 3.00), t(38) ¼ 1.686, p > 0.05.
Materials
The materials consisted of an animation, a participant questionnaire, a cognitive load rating scale, a comprehension test, and a transfer test. All materials were combined into one computer application and this programme was presented on a 17'' LCD color computer screen.
An animation of the cardiovascular system ( Figure 1 ) was created for the purpose of this study. To assure that the information presented in the animation was a realistic depiction of the cardiovascular system, the animation was developed in collaboration with two physicians. The animation consisted of five basic processes of the cardiovascular system that are distinguished in medical education: the circulatory system, the electrical system, the pulmonary circulation, the systemic circulation, and the valves system. All five processes have their own role and function at their own pace. However, all processes interact with each other and hence each process is contingent on the proper functioning of the other processes. In short, the animation shows how the heart expands as it fills with blood and shrinks as blood is pumped out of the heart, how the lungs expand when oxygen flows into the lungs to the alveoli and shrink when waste products flow from the alveoli out of the lungs, how and when the valves of the heart open and close, how and when the electrical system is activated and how this activation spreads along the heart muscle causing it to contract, the direction and pathway of the blood flow, where and when oxygen is taken up in the blood and waste products are given off, where and when oxygen is given off to muscles in the body and waste products are taken up, the timing between all these simultaneously occurring processes. Our main goal was to enhance knowledge of the dynamics of the cardiovascular system rather than learning the specific names and locations for each part of the cardiovascular system. Therefore, we did not include information about terminology or anatomy of the cardiovascular system. Moreover, participants had taken at least some basic biology courses in high school that included the cardiovascular system and its basic components. Prior testing indicated that the names and locations of these components, but not their functions, were well known and that a total of six cardiac cycles was the average number of cycles to reach quite a good understanding of the information presented in the animation. Therefore, a total of six cardiac cycles was shown in the animation, each lasting for 10 seconds. The total duration of the animation was 60 seconds and the animation did not contain any textual information. So, participants had to rely only on the visual information to extract meaning from the animation. Two versions of the same animation of the cardiovascular system were used in this study. One version showed the workings of the cardiovascular system without a visual cue and one version showed the workings of the cardiovascular system but now the valves of the heart were visually cued. A complete functionally important process was cued instead of specific subcomponents of such a process, because a study by Lowe (1999) suggests that cueing small elements diverges attention away from the more relevant elements, which imposes a high extraneous load and hinders the construction of elaborated schemata. The valves system was chosen as the process to be cued, because this system is an important functional part of the cardiovascular system, but is not very salient (Lowe, 1999) . To ensure the visual cue attracted attention appropriately and was not conceived of as part of the animation, the visual cue appeared 10 seconds after the start of the animation, instead of right from the beginning and was visible until the end of the animation. Thus, the valves were cued after one cardiac cycle was completed and remained highlighted during five cardiac cycles. Cueing was done by slightly darkening all elements in the animation except the valves of the heart, which can be thought of as a spotlight-effect (Figure 2) , that was defined in this study as a situation in which one process is highlighted and, therefore, stands out against all other processes in the animation. It is important to note, that all uncued elements could still be accurately perceived. So, with the exception of the cued process, both versions were identical. Both versions were created using Macromedia Flash 7.0 (Macromedia, 2004) . Furthermore, to ensure that any effects of cueing could not be confounded with interactivity, which introduces an additional way, next to cueing, to manage the perceptual complexity by controlling the pace and direction of the animation (Betrancourt, 2005) , it was impossible to stop or to replay the animation, which is comparable to prior research (Mautone & Mayer, 2001; Mayer, Heiser, & Lonn, 2001) .
The participant questionnaire, based on Mayer and Moreno (1998) , asked participants to indicate their gender, age, years of university education, and knowledge of the cardiovascular system. The knowledge of the cardiovascular system was assessed using a 1-item self-rating and a 4-item checklist (see Appendix A). On the 1-item self-rating question participants were asked to indicate their knowledge of the heart and the blood flow on a 5-point scale ranging from very little (1) to very much (5). The 4-item checklist consisted of items concerning knowledge about the cardiovascular system. For example, participants were asked whether they had followed any biology classes during their secondary education or whether they knew someone in their inner circle with a heart condition. All questions regarding prior knowledge were added up to get a score, indicating overall experience of the cardiovascular system, ranging from no experience (0), to high experience (14).
The mental effort measure used in this study was a 9-point rating scale, ranging from very, very easy (1), to very, very difficult (9), and was developed by Paas (1992) . Subjective self-ratings of invested mental effort were chosen, because they are non-intrusive and they give a reliable and valid indication of experienced complexity of the task at hand (Paas, Tuovinen, Tabbers, & Van Gerven, 2003; Paas & van Merriënboer, 1993 Paas, van Merriënboer, & Adam, 1994) .
The comprehension test consisted of 38 multiple-choice questions, asking participants to indicate the correct answer out of four options. The multiple-choice questions covered all five processes and elements included in the animation. The multiple choice questions could be divided into 10 questions directly related to the functioning of the valves of the heart and 28 questions about the other four processes of the cardiovascular system (e.g. the electrical system). To assure that the comprehension test included questions about structural, procedural, and temporal aspects of the processes of the cardiovascular system, we used these three categories as an aid to develop the comprehension questions. Whenever possible, questions were formulated visually and hence made minimal use of terminology. Appendix B shows examples of comprehension questions for each category and process. All comprehension questions were evaluated by a physician.
The transfer test consisted of 10 open-ended questions and covered all processes and elements included in the animation. Examples of transfer questions are: 'Explain why the heart contracts faster when someone holds his breath?', 'Explain what causes the valves of the heart to open and close', 'Which part of the blood flow contains hardly any waste products? Explain your answer', 'The workings of the electrical system can be divided into two steps. Explain why this is'. These questions can only be answered byámaking inferences from the information presented in the animation and, therefore, provides a good measure of the quality of the schema that is constructed (Mayer, 2001 ). Out of all 10 transfer questions, two explicitly asked to make inferences about the functioning of the valves of the heart. All transfer questions were evaluated by a physician. 
Procedure
Participants were tested in groups up to four people. They were seated at a computer screen and worked through the entire application at their own pace. First of all each participant was asked to fill out the participant questionnaire. Then they read instructions that stated that the animation should be attended to carefully, and they were explicitly encouraged to comprehend how the cardiovascular system works. Furthermore, it was announced that they would be tested afterwards on the cardiovascular system. Depending on the condition, they viewed either the cued animation or the uncued animation. After viewing the animation, participants were given a mental effort rating scale on which they could rate their invested mental effort by clicking on one of the options of the rating scale. Subsequently, participants received the comprehension test. Each question was presented individually on the computer screen in a random order. Participants could answer the multiple-choice questions by clicking on the answer they believed to be correct. After finishing each question, participants could advance to the next question by clicking a 'next-button'. Participants could not go back to questions they had already answered. Subsequently, a transfer test was given. As with the comprehension questions, each question was presented individually on the computer screen in a random order. Participants could answer the transfer questions by typing their answer in an on-screen textbox by using the keyboard. There was no time limit for the tests and each test was followed by a mental effort rating. The total procedure lasted for about 45 minutes.
Analysis
The comprehension questions were scored by adding up the correct responses for each question. Each right answer yielded 1 point. Separate counts were made for questions concerning the cued process (i.e. the valves of the heart) and the questions concerning all other processes. This resulted in two comprehension scores: a comprehension score (between 0 and 10) for questions about the cued process and a comprehension score (between 0 and 28) for all other comprehension questions. Cronbach's alpha for the overall comprehension test was 0.70, which can be considered an acceptable degree of internal consistency in this study given that a priori we did not expect the internal consistency to be very high because the animation lasted only 60 seconds and involved many simultaneously occurring processes, so it was assumed that participants would differ in the information that was extracted.
For the transfer test, we developed a scoring form with 48 core idea units distributed over all questions. Scoring was done by counting for each question how many of the core idea units per question were included in the participant's responses. As with the comprehension test, separate counts were made for questions concerning the cued process (i.e. the valves of the heart) and the questions concerning all other processes. This resulted in two transfer scores: a transfer score (between 0 and 11) for questions about the cued process and a transfer score (between 0 and 37) for all other transfer questions. Cronbach's alpha for the overall transfer test was 0.84.
A scorer who was unaware of treatment condition, scored all responses on the comprehension test and the transfer test, for each participant. A randomly selected subset of 25% of the tests was scored by a second scorer. Agreement between both scorers was 100% on the comprehension test, and 97% on the transfer test. Based on these results, it was concluded that the scoring procedure was sufficiently reliable and the scores from the first scorer could be used.
RESULTS
The dependent variables were comprehension score for questions about the cued process, comprehension score for all other comprehension questions, transfer score for questions about the cued process, a transfer score for all other transfer questions, and mental effort score during the animation and the mental effort during the comprehension test and the transfer test. The scores on the two comprehension measures, the two transfer measures, and the three mental effort measures were subjected to separate multivariate analysis of variance (MANOVA) with Cueing (Yes vs. No) as the between-participants factor. Additionally, separate univariate analysis of variance (ANOVA) was conducted. All statistical tests were carried out using a 0.05 significance level. Effect sizes were calculated using Cohen's measure of effect size (indicated by d). According to the conventions defined by Cohen (1988) d values of 0.2, 0.5, and 0.8 correspond to small, medium, and large effect sizes respectively.
Outcome measures
The MANOVA on the comprehension scores reveals a significant effect of cueing, Wilks' l ¼ 0.85, F(2, 37) ¼ 3.29, p < 0.05. The results shown in Table 1 , which provides the means and standard deviations of the univariate analyses on comprehension and transfer for the two conditions, indicate that participants in the CA-group performed better than the participants in the NC-group with respect to the comprehension questions about the valves, In addition, the MANOVA on the transfer scores also indicates a significant effect of cueing, Wilks' l ¼ 0.84, F(2, 37) ¼ 3.66, p < 0.05. As can be seen in the univariate outcomes shown in Table 1 , a cueing effect was found for the transfer questions concerning the valves, with the CA-group scoring significantly better than the NC-group, F(1, 38) ¼ 5.28, MSE ¼ 3.45, p < 0.05, d ¼ 0.73. Participants who received the cued animation not only obtained higher learning outcomes on the questions concerned with the valves system than the participants who received an uncued animation, but also on transfer questions concerning the other processes of the cardiovascular system, F(1, 38) ¼ 7.09, MSE ¼ 18.27, p < .05, d ¼ 0.84, which indicates a strong effect of cueing on uncued processes of the animation. To determine the cognitive load of the different tasks imposed on the learner, mental effort was measured after studying the animation and after each test. The MANOVA on the mental effort measures reveals no significant effect of cueing, Wilks' l ¼ 0.96, F(3, 36) ¼ 0.53, p > 0.05. In the first row of Table 2 , which displays the means and standard deviations of the univariate analyses for the mental effort scores after completing each task for the two conditions, it can be seen that mental effort while studying the animation did not significantly differ between the CA-group and the NC-group, F(1, 38) ¼ 0.17, MSE ¼ 2.36, p > 0.05. When looking at the mental effort measures after the comprehension and transfer test, which are displayed in the second and third row of Table 2 , results reveal that none of these measures significantly differed between the two conditions, F (1, 38) 
DISCUSSION
This study investigated whether studying a complex animation with a visual cue would result in better comprehension and transfer performance than when the animation was studied without a visual cue. The results confirmed the hypothesis, indicating that cueing can be successfully used as a technique to enhance performance when learning from animations without significant differences between conditions in mental effort. By guiding attention to the relevant aspects in the animation, working memory resources can be allocated to learning more efficiently. Also, the results on the transfer test suggest that cueing assisted learners in forming more coherent schemata, than when the animation is not cued. Thus, learners benefited from cueing and were able to process the presented information satisfactorily because cueing provided attentional guidance that may have reduced visual search. However, to support this claim additional research is needed, for example by varying visual search complexity of the animation or by applying an eye-tracking methodology to see how cueing affects overt attention allocation. These findings extend prior research on cueing suggesting that visual cueing not only works when applied to texts (Lorch, 1989; Lorch et al., 1993) , or the combination of pictorial and textual information (Kalyuga et al., 1999) but also when applied to animations that do not involve any narrations. The question whether cueing also enhances learning in animations that contain narrations remains to be addressed.
Contrary to our expectations, we did not find a decrease in mental effort while studying the animation when focusing attention in that animation, which is consistent with results obtained by Tabbers and colleagues (2004) . In the present study, the mental effort scores were fairly low. This could be an indication that the animation was not complex enough or that people invested too little effort. However, low or average mental effort scores are commonly reported (Mayer & Chandler, 2001) . Given that the scores on the comprehension and transfer test are not very high and that the present animation included several simultaneously occurring events and, hence, consisted of a reasonable degree of complexity, this first explanation does not seem very likely. Alternatively, our latter explanation seems a more plausible explanation as it is in line with the idea that motivational factors may play a crucial role in learning by mediating the amount of cognitive processing (Moreno, 2006) . Interestingly, results revealed that cueing not only improved comprehension and transfer for the cued process, but also enhances knowledge of the uncued processes. These results go beyond our hypothesis that cueing one process within an animation leads to better comprehension of that process than when that process is not visually highlighted. Despite the fact that the mechanisms behind cueing in animations are far from well known, several interpretations can be offered to explain this result. For example, understanding the workings of the valves system might make other processes easier, by way of functionality. That is, the valves system is a special process in the sense that it is located in the middle of the heart and serves a central function in the cardiovascular system, for example, in regulating the direction and trajectory of blood flowing in and out off each chamber of the heart. So, if the valves are understood, other processes might become easier to understand as well (i.e. the direction of the blood flow). However, we use CLT to interpret the present findings and contend that, when studying a cued animation more cognitive resources can be allocated to germane load instead of extraneous load, that is, processes relevant for learning. At a perceptual level, the visual cue divides the animation in a cued segment and an uncued segment. At a cognitive level, this may have consequences on the allocation of attention, and hence, the distribution of working memory resources. That is, as each segment can be processed in isolation, less working memory capacity is used, which in turn can be used for the construction and integration of elaborated schemata. This seems a plausible explanation, which also acknowledges the finding that cueing also enhances learning outcomes for the uncued elements. Further research is needed to test this account, for example by shortening the time to study the animation to see if mental effort is reduced when no time is given to study uncued processes and integrate cued and uncued elements.
Our results and interpretations are limited by the learners, the nature of the materials, and the learning situation. First, the learners had at least some basic understanding of the cardiovascular system and hence can be characterised as having average background knowledge. Based on the expertise reversal effect (Kalyuga, Ayres, Chandler, & Sweller, 2003) it would be reasonable to assume that cueing has differential effects on more and less knowledgeable learners. Second, the animation was short, involved no narrations, involved only one cued process and the speed of the animation was not chosen on theoretical grounds but it was based on the standard speed of the software package with which the animation was developed. It is not clear whether the present results would also apply to animations that are longer, involve narrations, contain more than one cued process, and are played at different speeds. For example, it could be argued that playing the animation at different speeds differentially affects the effectiveness of cueing, with fast animations urging the need for a visual cue to keep track of all changes while in a slow animation a cue is unnecessary in guiding attention because all elements can be attended to appropriately. More research is needed to further investigate these issues as potential moderating factors. Third, the animation was shown just once and lacked the opportunity to interact, which seems a rather artificial situation. In general, animations in educational practice involve some kind of interactivity (e.g. stop, and replay) and can be viewed multiple times. It remains to be addressed whether the same results are obtained when these issues are taken into account. Overall, these limitations put some constraints on the generalisability of our findings. Future research is needed to determine whether visual cueing differentially affects learners (such as learners with different levels of expertise), different kinds of learning materials (such as animations with different speeds), and other learning situations (such as animations incorporating interactivity).
From a practical point of view, this study opens a new view on learning from animations and the design of multimedia instructions. The cueing-effect obtained in this study has a direct implication for the design of animations. Learners often are unable to process the presented information in an animation and have difficulties extracting relevant information from it. While it is possible to use a simplified static picture instead of an animation to promote comprehension (Butcher, 2006) , valuable information such as timing aspects and dynamics in an animation are lost when reducing complexity. Based on the present study we provide a new way of reducing the visual complexity of animations in order to promote learning in the form of cueing. Cueing can play a crucial role in the comprehension of an animation by a more efficient use of working memory resources. Moreover, cueing may have the additional advantage of organising information presented in the animation. In conclusion, incorporating a visual cue in the design of an animation seems an interesting tool for instructional designers to enhance learning from an animation. 
